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INTRODUCTION

The beneficial effects of dietary soybean protein in human health, particularly in breast
cancer prevention, have been recently emphasized (1). However, to our knowledge, no
information is available concerning the effects of dietary consumption of soybean protein on the
expression of some genes, which may play a vital role in the prevention of breast cancer. It has
recently been shown that ligand binding and mRNA expression of peripheral benzodiazepine
receptor (PBR) is dramatically increased in the highly aggressive breast cancer cell lines and
aggressive metastatic human breast tumor biopsies compared with nonaggressive cell lines and
normal breast tissues (2). PBRs in aggressive breast cancer cell lines and tissue biopsies are
mostly localized in and around the nucleus, which is in contrast to the largely cytoplasmic
localization in nonaggressive cell lines and normal breast tissues. Furthermore, in aggressive cell
lines, PBR drug ligands are found to increase the uptake of cholesterol by the nuclei and
simultaneous incorporation of bromodeoxyuridine into the cells, suggesting the role of PBRs-
mediated nuclear cholesterol uptake in cell proliferation (2). Numerous studies also implicate a
role of nuclear cholesterol in the mechanisms underlying cell proliferation and cancer
progression (2). It is not known whether the beneficial effect of dietary soybean protein on breast
cancer suppression is mediated by its inhibitory effect on PBR expression, nuclear localization,
and PBR-mediated cholesterol transport into the nucleus and cell proliferation. The objective of
this project is to test the hypothesis that increased ligand binding, increased gene expression and
possible mutation(s), and nuclear localization of PBRs, and PBRs-mediated cholesterol transport
into the nucleus of breast epithelial cells are involved in cancer proliferation, and this aggressive
phenotype expression can be prevented by dietary consumption of soybean protein.
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WORK DONE DURING THE SECOND YEAR (May 1, 2004 - April 30,2005)

APPROVED STATEMENT OF WORK

Task 1. To develop a breast cancer model by administration of DMBA to female rats fed a diet
containing casein as the source of protein, and to inhibit the tumor development with soybean as
the dietary protein (Months 1-18).

a. Feed weanling animals standard diets containing either casein or soybean protein
and give DMBA by gavage and maintain the animals for 80 days.

b. Confirm breast cancer development in animals fed casein and suppression of
breast cancer in animals fed soybean protein after 80 days of feeding.

c. Collect breast tissue for biochemical studies.
d. Develop and standardize methodologies for biochemical assays.

Task 2. To determine the role of PBRs in breast cancer suppression by dietary soybean protein
(Months 18-36)

a. Maintain primary cultures of breast epithelial tissues.
b. Assay of PBR ligand binding in breast epithelial cells (Specific Aim 1).
c. Localize PBRs in cell nuclei by fluorescent microscopy (Specific Aim 2).
d. Measure nuclear uptake of cholesterol in breast epithelial cells (Specific Aim 3).
e. Measure bromodeoxyuridine uptake by breast epithelial cells (Specific Aim 4).
f. Measure ornithine decarboxylase activity of breast epithelial cells (Specific Aim 4).
g. Quantitate the expression c-fos in breast epithelial cells (Specific Aim 4).
h. Quantitate the expression of mRNA for PBRs in breast epithelial cells (Specific

Aim 5).
i. Sequencing of the full-length cDNA for PBRs from breast epithelial cells (Specific

Aim 6)

During this period we focused our studies primarily on completion of Task 1 and initiation of
Task 2 as follows:

Development of Breast Tumor in Rats

Design of Animal Study

The first objective of this study was to produce breast cancer model in female rats,
maintained on casein containing diet, by gavage administration of DMBA, and to investigate
whether the tumor development can be counteracted by replacement of casein with soybean as
dietary source of protein. So far we have carried out two separate experiments. For each
experiment, 20 female Sprague Dawley rats were obtained at 21 days of age. They were divided
into 4 groups. Animals from groups 1 and 2 received standard AIN-76A diet containing 20%
casein and those of groups 3 and 4 received same diet containing 20% soybean protein instead
of 20% casein. Diets were prepared by Harlan Teklad, WI. The diets were designed to be similar
in nutrient content. The composition of diets was given in the Year 1 annual report.
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Animals received food and water ad libitum. Animals of groups 2 and 4 received DMBA
dissolved in sesame oil by gavage (15 mg per animal). Control animals (groups 1 and 3) received
the vehicle only by gavage. Animals were weighed and also palpated twice weekly to detect
breast tumors beginning four weeks after the administration of carcinogen. At the end of the
study (postinjection time of 122 days), the animals were killed by carbon dioxide asphyxiation.
All tumors were detected by palpation and at autopsy biopsy specimens were taken for
histological analysis. Breast tissues were removed, quickly frozen in liquid nitrogen and stored at
-800C for direct biochemical analysis.

RESULTS:

Change in Body Weight. DMBA injection had no significant effects on the growth of animals.
Furthermore, the growth pattern was similar in animals fed either casein or soybean protein. Data
were shown in the Year 1 annual report

Time Course for Tumor Formation. Even though multiple tumors were observed in some
animals of both groups, the number of tumors per rat was less in soyprotein group than casein
group at each postinjection time. Data were presented in the Year 1 annual report.

Breast Tumor Incidence. Incidence of tumors was less in soybean protein group than that in
casein group. Data were presented in Year 1 annual report.

Tumor Characteristics. There was no tumor in any animal which did not receive the
carcinogen regardless of whether they were fed casein or soy protein. Even though there was a
difference in the time course of tumor development between the casein group and the soyprotein
group, the tumors were visibly apparent externally for both groups. Some tumors in both groups
had darker area, possibly implicating cessation of angiogenesis in that area. However, the degree
of discoloration was higher in animals fed soyprotein than that in animals fed casein. It is
important that we investigate whether soyprotein retards the progression of angiogenesis.
Furthermore, while the size of the largest tumor was not remarkably different between
soyprotein group (3.5mm x 3.3mm x 1.2mm) and the casein group (3.8mm x 2.78mm x 1.6mm),
the weight of the largest tumor was 44.5% lower in soybean group (7.52 g) than that in the
casein group (13.54 g). It will be of interest to find out whether the tumors will shrink if the
animals are fed soyprotein diet for longer period of time. Control animals had visible blood
vessels. However, in soybean group, there was a dilation of blood vessels which may stimulate
angiogenesis. Data were presented in Year 1 annual report.

Pathology of Breast Tumors. 100% of the mammary gland adenocarcinoma found in the
soybean group was of the non-aggressive type (grade I). However, in the casein group, there was
a higher percentage of aggressive tumors (20% grade I, 60% grade II, and 20% Grade III).
Representative photographs of light microscopy from grade I tumor from the soybean group and
grade II and grade III tumor from the casein group were shown in the Year 1 annual report.
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Binding of![H] Ro5-4864 to PBR in mammary gland. Differential ligand binding was
observed in mammary gland. [3H] Ro5-4864 bound specifically to PBR. PBR binding was
characterized by Scatchard analysis. The observed kd values of breast tissue suggest an increase
of affinity for the receptor in DMBA-induced breast tumors (Table 1). Bmax was significantly
higher in DMBA-induced breast tumors than that in normal breast. However, dietary soybean
protein caused significantly lesser increase (1.6-fold) in Bmax than casein (2.3-fold).

Table 1. Binding Characteristics of PBRs in Normal and DMBA-Induced Rat

Breast Tumors: Effects of dietary protein

Parameters Casein Casein + DMBA Soybean Soybean +DMBA

Bmax 1.94 ± 0.54 4.43 ± 0.75* 1.8 ± 0.54 2.96 ± 0.99*
(pmol/mg)

Kd(nM) 42.90 ± 17.1 5.93 ± 2.19 14.25 ± 0.55 2.29 ± 0.57

Cholesterol transport. Transport of cholesterol was determined as the incorporation of [3H]
cholesterol in intact nucleus acquired from normal and DMBA-induced breast tumors.
Experiments were carried out using 1O01M [3H] cholesterol. Significant increase of cholesterol
transport was observed in tumors compared to normal (Figure 1). No significant difference was
noticed between casein-fed tumors and soybean-fed tumors.
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Figure 1

Binding of !IH1 Ro5-4864 to nucleus PBR in mammary gland. The observed kd values
suggest an increase of affinity for the nuclear receptor in tumors (Table 2). Bmax was remarkably
higher in tumors than normal tissues. However, Bmax was lower in soybean protein-fed tumors
than casein-fed tumors.
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Table 2. Binding Characteristics of PBRs in Nucleus of Normal and DMBA-Induced
Rat Breast Tumors: Effects of Dietary Protein

Parameters Control Casein + DMBA Soybean + DMBA

Bm., (pmol/mg) 0.645 ± 0.045 44.87 ± 6.73 8* 21.70 ± 3.406*

Kd (nM) 8.91 ± 7.81 5.562 ± 1.309 6.828 ± 1.887

NTPase activity. According to Figure 2, NTPase activity was higher (130%) in breast tumors
in comparison to normal mammary gland. NTPase activity in soybean protein group was at the
same level as the control.
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Figure 2

Endogenous nuclear cholesterol level. 26% increase in cholesterol level was observed in
casein-fed tumors compared to normal gland (Figure 3). There was no significant change in
cholesterol level in soybean protein-fed tumors compared to normal mammary gland.
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Figure 3
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Western blot analysis. At the level of protein regulation, we measured changes of the 18-kDa
and 32-kDa subunits of PBR separately (Figure 4). We found significant changes in the levels of
both subunits when comparing the normal vs tumor tissues. In case of 32-kDa subunits, PBR
expression was increased by 42.9% in casein-fed tumor than normal mammary gland (Figure
4A&B), whereas between control and soybean protein-fed tumor tissue no significant difference
was observed. The expression of 18-kDa subunit of PBR was increased (45.5%) in casein-fed
tumors in comparison to the normal (Figure 4C&D). Contrary to the 32-kDa subunit, a
significant decrease (31.82%) of the expression of 18-kDa subunit was observed in soybean
protein -fed tumors in comparison to the control animal.

1.2-

A ~1.0]
"4 PBR 7

-0 .4- 750

:.4-

.2-

0.0C

PHR

________t 0.25-

-. 1 AC-~i BM 1.yk..

Figure 4

DISCUSSION

PBR and its endogenous ligand DBI have been detected in many benign and malignant
tissues of various species. PBR and DBI have previously been detected in acinar cells of rat
breast tissue and at a higher density, in DMBA-induced breast tumors [3]. In our experiments,
we also find an increase in the number of receptors available for binding (Bmax) (Table 1). In
fact, tumor tissue shows lower kd indicating higher affinity of ligand to these tissue. Based on
these data the involvement of PBR and DBI in the regulation of function and growth of rat
mammary cells may be suggested.

The physiological role of PBR is still debated. Its major function in endocrine tissues and
some cell lines seem to be associated with cholesterol transport and steroidogenesis [4]. We have
found an increase in the density of PBR in nucleus of breast tumors (Table 2), which may be
responsible for increased transport of cholesterol into the nuclei of breast cancer tissue (both
casein and soybean protein group) in comparison to normal tissue (Figure 1). Cholesterol is a
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lipid found in many biological membranes. Studies have also implicated a role of nuclear
cholesterol in mechanisms underlying cell proliferation and cancer progression [3,5]. We suggest
that endogenous PBR ligands bind to PBR found on the nuclear membrane and facilitate
cholesterol transport into the nucleus (Figure 1, Table 2). Cholesterol is then mobilized into the
nucleus. Cholesterol's presence in the nucleus may change the dynamics of the nuclear
membrane such as fluidity or associate itself as part of the nuclear membrane. When membrane
fluidity is altered, signals that direct cell proliferation pathways indicate numerous signaling
cascades in the cell [5].

Our results clearly demonstrate that the nuclear NTPase is sensitive to the cholesterol
content of the nuclear membrane (Figures 2 & 3). Czubryt et al [6] showed that the nuclear
membrane cholesterol increased in vivo and the NTPase activity increased with it. The
incorporation of cholesterol into the nuclear membrane in the present study may alter NTPase
activity via a change in membrane rigidity. The response of cholesterol-enriched nuclei suggests
that cholesterol incorporation has left the membrane integrity more susceptible to damage from
stressful stimuli like cancer. It is interesting to note that NTPase activity and endogenous
cholesterol level in nuclei was lower in soybean group than casein group. This may be associated
with the beneficial effect of dietary consumption of soybean protein in delaying the breast cancer
progression.

The expression of 32-kDa subunit of PBR protein increases only in casein-fed tumors and
not in soybean protein-fed tumors (Figure 4). Furthermore, 18-kDa subunit of PBR also
increases in casein group, whereas, it is decreased in soybean group (Figure 4). Even though the
exact mechanism is not known at this time, it may be suggested that 32-kDa proteins may be a
polymorphic form of 18-kDa PBR proteins. It is known that aggressive human breast cancer
cells contain mainly a PBR dimer, which increases cholesterol transport into the nucleus and cell
proliferation [2]. Delavoie et al [7] also proposed that PBR polymer might be the functional unit
responsible for ligand-activated cholesterol binding and that PBR polymerization is a dynamic
process modulating the function of this receptor in cholesterol transport and other cell-specific
PBR-mediated functions.

PBR nuclear localization and increase in cholesterol transport in breast cancer implicates
that PBR has a role in nuclear functions. Many molecular and cellular changes are currently used
as a factor in diagnosing breast cancers as prognostic indicators. Effective anticancer therapies
are key in treating breast cancer. This study clearly indicates that PBR is an important molecule
in cancer diagnosis and progression. Data on this study will provide a better understanding of
the interplay involving PBR and other molecules especially cholesterol in the breast cancer
signaling cascade. Furthermore, Soybean protein appears to have the beneficial effect in breast
cancer development by down-regulating the expression of PBRs as well as nuclear cholesterol
uptake.
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Key Research Accomplishment:

1. Development of breast cancer model in rats by dietary feeding of casein as
source of protein and administration of DMBA by gavage. Majority of cancers
was of aggressive type (60% grade II and 20% grade III). Only 20% was of the
grade I (non-aggressive) type.

2. Dietary consumption of soybean protein has a beneficial effect. It delays the onset
of cancers and also produces a less aggressive cancer (100% non-aggressive).
Therefore, prognosis will be better if soybean protein is consumed in lieu of
casein as dietary source of protein.

3. Even though both casein and soybean fed animals had breast cancer when
gavaged with DMBA, soybean protein consumption possibly retards the
progression of Angiogenesis.

4. We have standardized the methods of isolation and culturing of rat mammary
epithelial cells.

5. We have standardized all techniques in relation to the binding assay for peripheral
Benzodiazepine receptors.

6. We have standardized the methods of nuclear cholesterol transport assay.
7. We have established that beneficial effect of soybean protein in delaying the

progression of breast cancer is mediated by its down-regulation of the expression
of PBRs.

Reportable Outcomes:

Manuscript:

1. Sinha Roy, S., Mukherjee, S., Mukhopadhyay, S., and Das, S. K. Differential Effect of
Cadmium on Cholinephosphotransferase Activity in Normal and Cancerous Mammary
Epithelial Cell Lines, Mol. Cancer Therapeutics 3(2): 199-204, 2004.

2. Mukhopadhyay, S., Das, S. K., and Mukherjee, S. Expression of Mn-Superoxide Dismutase
Gene in Normal and Cancerous Human Mammary Epithelial Cells. Journal of Biomedicine
and Biotechnology 2004: 4 (2004) 195-202.

3. Mukhopadhyay, S., Mukherjee, S. and Das, S.K. Increased Expression of Peripheral
Benzodiazepine Receptor (PBR) in Dimethylbenz[a]anthracene-Induced Mammary Tumors
in Rats. Submitted to Glycoconjugate J., April, 2005

Abstract:

1 Akech, J. and Das, S. K. Correlation between Expression of the Peripheral Benzodiazepine
Receptors and Breast Cancer Cell Proliferation, FASEB J. 2004, 18(8), C109,
IUBMB/ASBMB 2004 Meeting, Boston, MA, June 12-16, 2004.

2 Mukhopadhyay S, Ballard BR, Mukherjee S, Das SK. Potential Role of Peripheral
Benzodiazepine Receptor (PBR) Expression as a Biomarker for Breast Cancer. 7 th
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International Symposium on Biochemical Roles of Eukarytic Cell Surface Macromolecules,
Jan 10-14, 2005, Puri, India.

3 Ferguson M, Das SK and Mukherjee S. Role of Glyoxalase I and Glyoxalase II in Non-
Tumorigenic and Tumorigenic Human Breast Call Lines. FASEB Meeting, April 2-6, 2005,
San Diego, Ca.

4 SinhaRoy S, Mukhopadhyay S, Mukherjee S and Das SK. Modulation of Expression of
Cholinephosphotransferase in Breast Cancer. FASEB Meeting, April 2-6, San Diego, CA.

5 Mukhopadhyay S, Ballard BR, Mukherjee S, and Das SK. Increased Expression of
Peripheral Benzodiazepine Receptor (PBR) in Dimethylbenz[a]anthracene-Induced
Mammary Tumors in Rats. FASEB Meeting, April 2-6, San Diego, CA.

6 Mukhopadhyay S, Ballard BR, Mukherjee S, Das SK. Increased Expression of Peripheral
Benzodiazepine Receptor (PBR) in Breast Cancer. ERA of Hope 2005 DOD Breast Cancer
Research Program Meeting, Philadelphia, PA, June 8-11, 2005.

7 Mukhopadhyay S, Mukherjee S, and Das SK. Beneficial Effects of Dietary Soybean Protein
in Prevention of DMBA- Induced Breast Cancer in Rats. XVIII International Congress of
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CONCLUSIUONS:

Current results support the idea that soybean protein has a beneficial effect in
controlling the aggressiveness in breast cancer progression. While, 100% of the breast tumor
induced in rats fed soybean protein was of grade I (non-aggressive) type, casein consumption
produced more aggressive tumors (20% grade I, 60% grade II and 20% grade III). The beneficial
effect of soybean protein is mediated via down-regulation of the expression of the PBRs and
nuclear cholesterol uptake.
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